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Abstract

Objective: To review host response in periodontitis with respect to cellular
composition of lesions, T cell receptor (TCR) gene expression, cytokine profiles of
T-helper (Th) cells and autoimmune components.

Material and methods: The studies included were confined to human material
(biopsies, gingival crevicular fluid, blood from subjects with periodontitis).
Results and conclusions: In periodontitis lesions, plasma cells are the most common
cell type and represent about 50% of all cells, while B cells comprise about 18%.
The proportion of B cells is larger than that of T cells and Th cells occur in larger
numbers than T cytotoxic cells. Polymorphonuclear cells and macrophages are
found in fractions of less than 5% of all cells. Lesions in aggressive and chronic
forms of periodontitis exhibit similar cellular composition. Differences in disease
severity, however, may reflect increases in plasma cell and B cell densities.

B cells serve as important antigen-presenting cells in periodontitis. The
periodontitis lesion expresses a unique TCR gene repertoire that is different from
that in blood. The role of superantigens in periodontitis is unclear. There are few
studies using comparative designs and unbiased quantitative methods regarding
Th-1 and Th-2 cells in periodontitis. The relative dominance of B cells and plasma
cells in periodontitis lesions cannot entirely be explained by enhanced Th-2
functions but maybe because of an imbalance between Th-1 and Th-2. Autoimmune
reactions are evident in periodontitis lesions. The role of auto-antibodies in the
regulation of host response in periodontitis, however, needs to be clarified.
Auto-reactive B cells occur in larger proportions in subjects with periodontitis than

in healthy controls.
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Mechanisms of host response in the
periodontal tissues are complex and
involve numerous systems of inter-
actions. While the innate host response
is characterized by non-specific reac-
tions, the adaptive response utilizes
strategies of recognition, memory and
binding to support the effector systems
in the elimination of challenging
elements. While there is no doubt
that the innate response is fundamen-
tal in periodontitis and is involved in
the regulation of adaptive immune
response, it is nevertheless covered else-
where (Madianos et al. 2005, Shapira
et al. 2005).

Parts of the adaptive host response in
periodontitis are outlined in Fig. 1. In

this schematic drawing different areas
may be recognized; (i) the nature of
the lymphocyte type (T and B cells),
(ii) antigen recognition by T cell recep-
tors (TCRs), (iii) cytokine profiles of
T helper (Th) cells and (iv) autoimmune
reactions that may influence the adap-
tive host response in periodontitis. In
the current review these different areas
are discussed. The studies included in
the review are confined to human mate-
rial (gingival biopsies, gingival crevi-
cular fluid (GCF), peripheral blood)
sampled from subjects with perio-
dontitis. Main search terms included
“‘periodontitis’’, ‘‘periodontal disease’’.
Specific search terms were added for
each section reviewed.

Phenotypic Characteristics of
Inflammatory Cells in Periodontitis
Lesions

The periodontitis lesion is characterized
by large proportions of inflammatory
cells and vascular structures. Studies,
in which the morphological and pheno-
typic characteristics of the inflammatory
cells are described, are reported in Table
1. The specific search terms applied in
this section were ‘biopsy, cells, pheno-
type, histopathology, immunohistochem-
istry, inflammatory cells, and lesion’.
Although the criteria for the diagnosis
periodontitis and techniques used for the
cell detection vary between studies, it is
evident that plasma cells and lympho-
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Fig. 1. Schematic outline of regulatory components of adaptive host response in perio-

dontitis.

cytes dominate among cells in the
lesions. Lindhe et al. (1980) applied
stereological techniques and morpholo-
gical criteria of cells to assess the com-
position of inflammatory infiltrates in
gingival tissues obtained from 22 sub-
jects with advanced periodontitis. It was
reported that plasma cells occupied 31%
of the lesion volume, while the propor-
tion of lymphocytes varied between 5%
and 10%. Macrophages and polymor-
phonuclear (PMN) cells were found in
densities of 1-2% and fibroblasts in 5%.
In other words, the volume occupied by
plasma cells was three times larger than
the proportion of lymphocytes. Other
inflammatory cells occurred only in
small numbers. Similar findings were
reported from studies in which morpho-
logical/stereological techniques were
utilized (Liljenberg & Lindhe 1980,
Passo et al. 1988, Zappa et al. 1991,
Liljenberg et al. 1994, Berglundh et al.
1998).

The majority of studies describing
cellular characteristics of periodontitis
have applied immuno-fluorescence or
immunohistochemical techniques. Early
reports distinguished lymphocytes into
T and B cells, while later studies
included also the various T cell subpo-
pulations. Mackler et al. (1977) col-
lected gingival tissues from five
subjects and reported that specimens
representing periodontitis, in contrast
to healthy or gingivitis samples,

contained substantial numbers of immu-
noglobulin (IgG, IgM)-bearing lympho-
cytes and plasma cells. Seymour &
Greenspan (1979) analysed 12 biopsies
of patients with chronic periodontitis
(CP) and found that the majority of
lymphocytes in the lesions had the B
cell phenotype and were positive for
IgM and IgG. Charon et al. (1981) and
Okada et al. (1983) analysed gingival
biopsies from patients with advanced
periodontitis. It was reported that plas-
ma cells dominated the lesions, that T
cells and macrophages were present,
while PMN cells were few. In a study
comparing suppurating and non-suppur-
ating periodontitis lesions, Passo et al.
(1988) found that in both types of
lesions plasma cells and lymphocytes
predominated. The authors stated that
the majority of lymphocytes were B
cells and, within the group of T cells,
Th cells outnumbered T cytotoxic cells.
Cobb et al. (1989) compared inflamma-
tory cell infiltrates obtained from CP,
gingivitis and healthy gingival tissues. T
and B lymphocytes occurred in larger
numbers in diseased than in healthy
sites, while only small differences
were found between the periodontitis
and healthy tissue specimens regarding
the number of NK cells. The findings
that B cells occur in larger numbers than
T cells in periodontitis lesions are not
consistent in all studies. Modeer et al.
(1990) analysed biopsies obtained from

adolescents with early signs of perio-
dontitis and reported that T cells domi-
nated in the inflammatory cell infiltrates.
Berglundh et al. (1998) found similar
proportions of T and B cells in gingival
biopsies obtained from 21 subjects with
advanced periodontitis.

Progress in the development of
immunohistochemical markers made it
possible to obtain more detailed infor-
mation of lymphocytes in periodontitis
lesions, and, hence, phenotypic charac-
terization of cells was performed paral-
lel to assessments of additional features
of the cells such as receptor and memory
functions (Gemmell et al. 1992, 2001,
Yamazaki et al. 1993, Lappin et al.
1999). Yamazaki et al. (1993) reported
that Th cells (CD4+) in periodontitis
lesions frequently exhibited memory
(CD45RO+) characteristics and that B
cells to a varying extent were positive to
early (CD23+) or late (CD25+) mar-
kers of activation.

Antigen-presenting cells (APCs) in
periodontitis lesions

Several cells serve as APCs. Langerhans
cells, macrophages and dendritic cells
are professional APCs and contribute to
antigen recognition and early response
mechanisms in host defence. B cells are
also capable of serving as APCs and
express class II antigens upon stimula-
tion and use the capacity of their mem-
ory systems in antigen presentation. Co-
stimulatory molecules associated with
APC-TCR interactions in periodontitis
were investigated by Gemmell et al.
(2001). It was reported that the propor-
tion of T cells positive for the co-
stimulatory signal receptor (CD28+)
increased with increasing percentage of
B cells. Further, cells expressing the
natural ligand B7-2 (CD86+) occurred
in larger numbers than cells with B7-1
(CD80+). This may indicate that there
is a more pronounced Th2 than Thl
response in periodontitis. Orima et al.
(1999) in a similar study reported on
the presence of not only CD80+ and
CD86+ cells, but also the co-stimulatory
molecules, CD40 and CD40L. Maha-
nonda et al. (2002) observed a signifi-
cant up-regulation of CD86 and the
dendritic cell-marker CD83 on B cells
in periodontitis lesions. The authors
suggested that B cells may serve as
potent APCs in the immune response
of periodontal disease. The role of B
cells as APCs was also described in



study on gingival biopsies obtained
from 25 subjects with periodontitis
(Gemmell et al. 2002). In the largest
lesions, the B cell group was the pre-
dominant type of APCs. It was sug-
gested that B cell antigen presentation
may allow further activation and clonal
expansion of already activated T cells.

Progressive lesions

Attempts were also made to characterize
“‘active’’ periodontitis lesions, i.e. sites
that exhibit a recent history of attach-
ment loss. Zappa et al. (1991) found
larger proportions of plasma cells, lym-
phocytes and total numbers of inflam-
matory cells in gingival specimens
prepared from ‘‘progressive’’ sites than
in sites with no history of attachment
loss. Different results were reported by
Reinhardt et al. (1988), who classified
sites that demonstrated attachment loss
>2mm within the past 3 months as
“‘active’’. Soft-tissue biopsies from
“‘active’’ and stable periodontitis sites
as well as from healthy sites were col-
lected. It was reported that the ‘‘active’’
lesions had larger proportions of differ-
ent T cell subpopulations than healthy
tissues, while B cells were more pre-
valent in ‘‘active’’ than in stable sites.
Liljenberg et al. (1994) compared perio-
dontitis lesions collected from active
sites (history of attachment loss >2 mm
at three sites or more) and inactive sites
in a group of eight subjects with ad-
vanced periodontitis. Biopsies were also
obtained from diseased sites in a group
of 11 subjects who had no signs of atta-
chment loss. Both T and B cells were
found in larger proportions in active
than in inactive sites. No differences
were found between the lesions from
the inactive sites of the eight subjects
and the specimens produced from the 11
subjects with no attachment loss. In this
context it is interesting to note that in
studies evaluating periodontitis lesions
before and after non-surgical therapy,
both T- and B-cell densities declined
after treatment (Berglundh et al. 1999,
Kleinfelder et al. 2001).

Aggressive periodontitis

The above reported findings were based
on analysis of samples obtained from
subjects with adult/chronic periodontitis
(AP). Several studies described tissues
from other forms of periodontitis, e.g.
early onset (aggressive) periodontitis
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(EOP) including juvenile (JP) and pre-
pubertal (PP) forms and rapidly progres-
sive periodontitis (RPP). In a compara-
tive study on JP and AP lesions,
Liljenberg & Lindhe (1980) reported
that plasma cells dominated in both
types of infiltrates and that the propor-
tion of lymphocytes was significantly
larger in the specimens representing
AP. In a similar type of investigation,
Gillett et al. (1986) stated that more than
50% of cells in JP lesions were plasma
cells. The cellular composition in AP,
however, varied considerably between
subjects and plasma cells represented
about 30% of cells. Joachim et al.
(1990) in a study on JP and AP lesions
also identified plasma cells in large
numbers and observed that the cell
count increased with disease severity.
The authors further reported that signs
of degeneration of plasma cells were
more conspicuous in sections from JP
than from AP. Kleinfelder et al. (2001),
who used different markers to identify
plasma cells, B cells and memory
T cells, failed to demonstrate differ-
ences in cell composition in adult
periodontitis and EOP lesions. Lappin
et al. (1999), however, reported that
the proportion of B cells was larger
and the T cell percentage smaller in
AP than in EOP sites. In addition,
Berglundh et al. (2001) compared the
composition of gingival lesions from
21 subjects with AP and six children
with localized aggressive periodon-
titis (LAP). Stereological assessments
and immunohistochemical analysis re-
vealed that lymphocytes and B cells
in particular, occupied significantly
larger volume fractions in LAP than in
AP lesions.

Some features of the previously re-
cognized disease entity RPP were also
investigated. Celenligil et al. (1993)
analysed gingival specimens from 16
subjects with RPP. IgG-positive plasma
cells dominated and Th (CD4+) and T
cytotoxic (CD8+) cells occurred in al-
most similar numbers. Hillmann et al.
(2001) studied RPP in relation to AP.
They collected gingival biopsies from
10 RPP patients and five AP patients
and reported that both types of speci-
mens contained large proportions of
plasma cells and B cells and that the
total number of inflammatory cells was
higher in RPP than in AP. It was con-
cluded that the inflammatory process
regarding number of inflammatory cells
and the amount of tissue destruction was
stronger in RPP than in AP.

Summary

The reported findings regarding differ-
ent cell proportions in AP are virtually
consistent, while larger differences
are found in studies on aggressive forms
of periodontitis. The overall distribu-
tion of inflammatory cells in perio-
dontitis lesions is presented in Fig. 2.
Plasma cells are the most common cell
type and represent about 50% of cells,
while B cells comprise about 18%. The
proportion of B cells is larger than that
of all T cells and Th cells occur in larger
numbers than T cytotoxic cells. PMN
cells and macrophages are found in
fractions of less than 5% of all cells.

Lesions in aggressive and chronic
forms of periodontitis exhibit similar
features with respect to cellular compo-
sition. Differences in disease severity,
however, may in both forms of perio-
dontitis affect plasma cell and B cell
densities.

Both T cells and B cells express co-
stimulatory molecules and contribute to
antigen recognition and cell activation.
B cells serve as important APCs in
periodontitis.

TCRs

Host response to antigenic challenges in
periodontitis includes specific immune
reactions in which the TCR interacts
with the processed antigen of APCs.
The TCR consists of two polypeptide
chains including variable (V) segments

O Plasmacells BT helper
H B cells O T cytotoxic
E PMN H Ma

@ Other

Fig. 2. Distribution of cell proportions in
periodontitis lesions calculated from studies
reported in Table 1. Plasma cells, B cells,
T helper, T cytotoxic, polymorphonuclear
(PMN) cells, macrophages (M¢) and other
cells (e.g. mast cells, fibroblasts, unidenti-
fied cells).
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resembling those in Fab fragments of
immunoglobulins. While the major part
(>95%) of T cells in peripheral blood
exhibit the TCR V « and f chain, the
remaining fraction contains the y/J type.
Although the y/0 type has been identi-
fied in periodontitis, it is highly likely
that the bulk of antigen recognition is
through the «/f TCR. Further, the
o/ fTCR, in contrast to the 7/ type,
can recognize processed antigens in con-
junction with the class II molecule of
APCs. Alternatively, a distinct group of
antigens, called super-antigens, binds to
the outer surface of the class II molecule
and the V f gene of the TCR. Different
microorganisms produce super-antigens
and via the binding to certain parts of
the V f gene substantial proportions of
T cells may be activated. The role of
super-antigens in relation to perio-
dontitis is unclear and conflicting results
have been presented (Zadeh & Kreutzer
1996, Karimzadeh et al. 1999, Yamaza-
ki et al. 2000, Gao &Teng 2002).

Different expressions of the TCR V
o/ff phenotype have been observed in
autoimmune diseases, such as multiple
sclerosis and rheumatoid arthritis (RA)
(Oksenberg et al. 1990, Sottini et al.
1991, Broker et al. 1993) and in oral
diseases like oral lichen planus lesions
(Simark-Mattsson et al. 1994). A biased
expression of TCR V o/f genes was also
demonstrated in periodontal disease and
relevant studies are reported in Table 2.
Most studies included subjects with AP
while aggressive (EOP, PP, JP) forms
were included in only a few studies. The
specific search terms included T cell-
receptors, TCR, T cells, V o/f pheno-
type, V o/f gene.

Nakajima et al. (1996) examined 20
patients with moderate to advanced
adult periodontitis and nine subjects
with gingivitis with respect to expres-
sion of different TCR V o/f genes in
gingival tissues and peripheral blood
(PBL). It was reported that cells expres-
sing the V 5 gene subfamily and the V
p6.7 gene outnumbered the remaining
cells in gingival tissues from both the
gingivitis and the periodontitis group
and that there was a discrepancy
between PBL and the gingival tissues
regarding proportions of TCR genes.
Yamazaki et al. (1996), who applied
PCR techniques to determine the occur-
rence of 22 V f gene families in 14
subjects with adult periodontitis, also
reported on a different expression of V
p genes in gingival tissue cells and in
peripheral blood mononuclear cells

(PBMC). The finding that the TCR
repertoire is different in periodontis
lesions and in peripheral blood of adult
periodontitis subjects is consistent in
most studies (Geatch et al. 1997, Ber-
glundh et al. 1998, 1999, 2001, Karim-
zadeh et al. 1999, Ohsawa et al. 2000,
Yamazaki et al. 2000, 2001, 2002, Gao
& Teng 2002) and indicates that the
TCR expression in the periodontitis
lesion is unique and involves a restricted
number of V fgene families. Zadeh &
Kreutzer (1996) in study on gingival
biopsies obtained from eight subjects
with adult periodontitis, concluded that
two or three V f§ gene families account
for all T cells in periodontitis lesions.
Thus, Geatch et al. (1997) in a study on
24 periodontitis patients restricted their
DNA sequencing analysis to the V 2,V
p6 and V 8 genes and Karimzadeh
et al. (1999) in a similar study, reported
that T cells in periodontitis lesions
exhibited larger fractions of V 5.2, V
6 and V 9. On the other hand, (Gem-
mell, et al. 1997) found that with the
exception of the V 13 gene, several of
V B3, V 5 and V 6 gene families
occurred in larger proportions in cells
from gingivitis/healthy tissues than in
cells from periodontitis sites.

A different distribution of TCR V
Pgenes in periodontitis lesions was
described by Berglundh et al. (1998).
They analysed gingival biopsies and
PBMC from 21 subjects with advanced
adult periodontitis and found that the V
P17 was the most frequent TCR marker
in the lesions followed by V f5, V f8
and V 13 gene families. In addition, the
TCR V o/f expression of PBMC in the
periodontitis subjects was similar to that
in healthy controls. In a subsequent study
from the same group (Berglundh et al.
1999) changes in the TCR repertoire
following non-surgical periodontal ther-
apy were analysed. It was demonstrated
that between baseline and 2 years follow-
ing therapy there was marked decrease in
TCR expression in gingival lesions,
while no changes in the distribution of
TCR genes occurred within PBMC.

Further characterization of TCR
genes in periodontitis revealed sequence
heterogeneity within V f genes (Geatch
et al. 1997) as well as selective expan-
sion of T cells in gingival lesions
(Yamazaki et al. 2000). The latter find-
ing was interpreted to indicate that
infiltrating T cells recognize a limited
number of antigens in periodontitis.
Additional support for a role of infiltrat-
ing T cell clones in periodontitis lesions

was presented by Yamazaki et al.
(2002). They isolated T cells from gin-
gival biopsies and PBMC of 16 subjects
with moderate to severe CP and from
PBMC obtained from 10 healthy con-
trols. It was reported that the prolifera-
tive response to heat-shock protein 60s
(hsp60s) of PBMC T cells was higher in
periodontitis patients than in controls.
Nucleotide analysis of TCR genes
demonstrated similar expression in gin-
gival T cells and in PBMC of perio-
dontitis patients. This finding suggests
that hsp60s-reactive T cells occur in
periodontitis lesions and, thus, contri-
bute to autoimmune reactions. In this
context the finding that also NK-T cells
exhibit certain TCR markers is interest-
ing. Yamazaki et al. (2001) reported that
periodontitis lesions contain larger pro-
portions of V 024 NK-T cells than
gingivitis lesions. The authors suggested
that V o 24 NK-T cells are recruited in
order to down-regulate autoimmune
reactions in periodontitis.

The variation in expression of V f§
genes in periodontitis lesions has also
been related to differences in the com-
position of the subgingival microflora.
Mathur et al. (1995) isolated PBMC T
cells from 12 patients with EOP and 11
healthy controls. Co-culture with Pre-
votella intermedia resulted in up-regu-
lated expression of V aff2, V 55 and V
f6, and it was suggested that periodon-
titis-associated bacteria may influence
TCR V o/f expression in periodontitis.
A similar explanation was suggested by
Berglundh et al. (2001), who compared
the local and systemic TCR V o/ff
expression in 11 subjects with localized
aggressive periodontitis and in 21 sub-
jects with CP. It was reported that no
differences were observed regarding the
TCR repertoire in PBMC, while a dif-
ferent distribution of V «/ff genes was
detected in the periodontitis lesions. In
comprehensive analysis on TCR genes
in four patients with localized JP (LJP),
Gao & Teng (2002) reported that no
differences between subjects was seen
regarding the TCR expression of
PBMC. In T cells from gingival tissues,
however, few dominant genes of V o/ff
genes were shared. It was suggested that
T cells in LJP patients respond to a
limited number of antigens.

Summary

TCR V o/ff expression in peripheral
blood samples of subjects with perio-
dontitis does not differ from that of
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eral blood of periodontitis patients. Dif-
ferent results were reported by Tokoro
et al. (1997). They used in situ hybridi-
zation-based techniques on gingival
biopsies from 13 periodontitis patients
and five subjects with gingivitis or
healthy sites. The density of cells posi-
tive for several cytokines associated
with Th-2, ie. IL-4, IL-5 and IL-6,
was higher in periodontitis specimens
than in control tissues. IL-2 producing
cells, however, were scarce in both
periodontitis and gingivitis samples,
and it was suggested that Th-2 domi-
nates over Th-1 in periodontitis lesions.
Cells identified in relation to the various
cytokines in the study by Tokoro et al.
(1997), however, were not tested with
respect to any Th cell marker (CD4).
Such markers were, on the other hand,
used by Yamamoto et al. (1997). They
isolated CD4+ cells from gingival tis-
sues sampled from periodontitis patients
and used RT-PCR to identify cytokine
mRNA expression. While IL-2, IL-4
and IL-5 were not detected, IFN-y, IL-
6, IL-13 and to a less extent IL-10 were
expressed in most cases. As only one
Th-1-related and two to three Th-2-
related cytokines were expressed by
the isolated CD4+ cells, it was con-
cluded that Th-2 functions dominates in
periodontitis. The finding by Yamamoto
et al. (1997) that no IL-4 expression was
detected was in part consistent with data
presented by Yamazaki et al. (1997).
They collected peripheral blood samples
and gingival biopsies from 17 perio-
dontitis patients. RT-PCR was applied
without a restriction to CD4+ cells. It
was reported that the IL-4 expression
was weak in gingival tissues. In addi-
tion, IFN-y expression was more pro-
nounced by PBMC than gingival tissues,
while a reverse relationship was found
for IL-10. The expression of IL-13 was
similar in the two sample sources. The
findings were interpreted to indicate a
larger contribution of Th-2 than Th-1
function in periodontitis.

As reported above, the interpretation
of results is in some respects difficult,
and, thus, no distinct difference between
Th-1 and Th-2 cytokine profiles may be
distinguished in periodontitis lesions.
Gemmell & Seymour (1998) collected
gingival biopsies from periodontitis
patients and from control subjects with
healthy/gingivitis conditions. Dual-col-
our flow cytometry analysis revealed
that there were no differences between
the proportions of CD4+ cells expres-
sing IFN-y, IL-4 or IL-10. Gemmell
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et al. (1999) evaluated cytoplasmatic
cytokines of P. gingivalis-specific T
cells established from peripheral blood
from periodontitis patients and healthy
controls. The majority of the control
subjects had higher proportion of IFN-
y+ cells, while five out of 10 perio-
dontitis patients had higher proportions
of IL-4+ and IL-10+ cells. Nakajima et
al. (1999) reported that mRNA for IFN-
y and IL-13 in PBMC was up-regulated,
whereas IL-4 and IL-10 expression was
down-regulated following stimulation of
Porphyromonas gingivalis. Thus, the
differences with respect to enhanced or
decreased expression of cytokines
involved both Th-1 and Th-2 cells.
Dominance for Th-1-related cyto-
kines in periodontitis was suggested by
Takeichi et al. (2000). They isolated
gingival mononuclear cells (GMC)
from periodontitis patients and healthy
controls. The proportion of cells expres-
sing mRNA for IFN-y and IL-2 was
significantly higher in periodontitis
than in healthy subjects and IFN-y was
the most common mMRNA cytokine
detected in the study. Bickel et al.
(2001) collected gingival biopsies from
sites representing progressive perio-
dontitis, chronic but stable periodontitis
and healthy sites. The most pronounced
expression of IFN-y was found in pro-
gressive sites, whereas the expression of
IL-2 was strongest in healthy sites.
Further, Gorska et al. (2003) compared
cytokine expression in gingival tissues
and peripheral blood, sampled from 25
periodontitis patients and 25 healthy
subjects. The frequency of IL-4+ and
IL-10+ samples was higher in healthy
than in diseased gingival tissues, while
high concentrations of IFN-y and IL-2
correlated with severity of periodontitis.
There are also reports on a similar
contribution of Th-1 and Th-2 cytokines
in periodontitis. Salvi et al (1998) col-
lected GCF, gingival biopsies and per-
ipheral blood from eight patients with
CP and from eight patients with EOP.
Although Th-1 cytokines dominated
over Th-2 mediators in GCF of both
groups, the analysis of the limited mate-
rial of mRNA expression of GMC did
not favour any of the Th-1 and Th-2
cytokine profiles. Berglundh et al.
(2002a,b) analysed gingival biopsies
obtained from 22 subjects with severe
CP. An immunohistochemical double
staining technique was used to identify
cytoplasmatic occurrence of Th-1- and
Th-2-related cytokines in CD4+ cells.
Stereologic quantification of cells posi-

tive for the different double markers was
performed and no differences in the
proportion of cells representing the two
Th cell categories were identified. Suar-
ez et al. (2004) investigated the expres-
sion of cytokines of T cells in gingival
tissues prepared from 10 patients with
aggressive periodontitis and 10 healthy
controls. A constant expression of IFN-y
and IL-2 was found in all samples. IL-5
and IL-10 were found in the majority of
healthy specimens but not in the sam-
ples from the periodontitis group,
whereas IL-13 was only detected in the
healthy sites.

Lappin et al. (2001) reported that in
periodontitis lesions there were larger
proportions of cells expressing IL-4 and
IL-6 than cells expressing either IL-2 or
IFN-y. They analysed gingival tissues
from 10 EOP and 10 AP patients and
reported that IL-10 was the most fre-
quently expressed cytokine followed by
IL-6, IL-4, IFN-y and IL-2. Further
support for a Th-2 domination in perio-
dontitis was provided by Fokkema et al.
(2002), who evaluated whole blood cell
cultures stimulated by bacterial lipopo-
lysaccharides (LPS). Further, Sigusch
et al. (1998) reported on a decreased
production and mRNA expression of
Th-1-related cytokines (IFN-y and IL-
2) following mitogen stimulation.

Summary

There are few studies using comparative
designs and unbiased quantitative meth-
ods regarding Th-1 and Th-2 cells in
periodontitis lesions. Further, the inabil-
ity to diagnose disease activity makes
interpretation of all these studies diffi-
cult. Results from direct assessments in
sections and findings from analysis of
isolated CD4+ cells are also conflicting.
While many studies have attempted to
determine the domination of either Th-
1- or Th-2-related cytokines, it is highly
likely that it is the balance of Th-1 and
Th-2 that is important in disease expres-
sion. The relative dominance of B cells
and plasma cells in periodontitis lesions
cannot entirely be explained by
enhanced Th-2 functions but maybe
because of an inbalance in this dynamic.

Autoimmune Components in
Periodontitis

The concept that autoimmune reactions
are involved in periodontitis is not new.
Brandtzaeg & Kraus (1965) in a study



Berglundh & Donati

98

sordures onss1) [eAISUIS 90IY) UI 9[qB}O9)IP INg Jeom Sem
VNIW -1 "SOINGd Pue sonssn [BAISuIS ur ¢-[ Jo uoissaidxo ueour oy
Ul 9OUQIQJJIP OU Sem I9Y], 'SDINGJ Ul uey) sonssy [eArsuid ur 1oysny sem
VNJW O]- Jo uorssardxo ueour 9y} 9Senuod uJ ‘sanssn [BAISuIS ur ueyy
SOINEd ur 1oy31y Apueogriudis sem YNYW <-NAT Jo uoissardxo ueaw ayJ,

dOd
- LY dyroads-ounyo1hd Aq pa109)ap J0u 21om G-I Pue -] ‘Z-1[ 10J SoFessow
‘59580 MIJ © 10§ 3dooXy "¢ 1-TI PUe ‘9-TI ‘A-NATI 10J VNIW JO PjSISuod ased
1oU10 oy A[IYM ‘¢TI Pue OT-"TI ‘9~TI ‘4-NLAT 10§ VNYW Jo uoissardxa oy
Aq pajuasaxdar sem urened suQ "parou a1om sa[goId JuryoLd JounsIp omJ,

suowroads snIaruld

Ul JUasqe JSowe dIam S[[99 Surssairdxa-g-1 "snia1uId ur uey) snnuoporrad
ur Joy31y sem G- pue -1 “0-I Surssaxdxa s[[9o Jo AJISUdp Yy [, "'sosA[eue
[eO1ISTIBIS JOJ S1AS BIRP SB PAsn 9Iom SISATeue [[90-9[3UIs JO S)NSI o[,

SONSSI) PAsLasIp ul
1oyS1y Apueoyrusis sem yorym ‘uolssardxe YNYW 0-NAI pue 9-[ ul sonssn
[eA1SuIS pawegul pue AY)[eay UodMIaq PIAIISQO AIIM SIJUIAII "S[ONUOD

pue sjuoned uoam)aq SQUIY0IAD AU} JO S[QAQ] VN YW OIW)sAS Jurpregal
PA10JAP AI9M SIJUIAIJIP JUBIYIUSFIS ON "S[0NU0d pue syuaned yjoq ur
UOI109)3P JO [9A] Y} MO[Oq 1M SAUDN0IAD Z-Y L PUB [-Y, JO S[OAJ] BWSE[]

SQUDY0IAD Z-UL PUe [-YJ, [[& 10§ YN Pamoys

(DINEd) S1199 Ied[onuouowt poojq [eroydirad pajenuns-y UIfeABUBdIUOD)
*9[yo1d Joyire ojul [[e) JOU PIP SISED XIS SUTUTBWDL Y], 'PIO)IP 10U AIdM §
=TI PUe $~"T1 ‘71 10§ VN ‘so[dures jsow u *(S9se X15) ¢ [-T[ pue 9-[ ‘A
~NHT 10§ VNYU JO PAISISU0O PU0das oy} ‘($ased 131d) ¢ -1 pue O1-1I ‘9-1I
L-NAT 10 VN W Jo uorssardxa pajuasaidar uroped ouQ ‘pojou a1om sa[yold
QUIOJAD 10UNSIP OM T, "S[[90 I, +H D 91om sa1kooydwiA] Jo 90€—07 Ioqy

{-NAT pue

-1 Jo syunowre [enba paonpoid pue uieped SuryoILd ANI[-O-YL © pamoys
SQUO[D [[99-, +8dD I0/pue +H D 9ATOBAI-USNUL-[eLId)ORq JO AjLIofew
YL, "(A-NAT JO S[oAS] MmO[ pue -] Jo S[A9] y31y) adKjouayd g-yJ, osnow
o) Surjquesar sadKjouoyd pey seuord [[99-1, +H D Jo uedrad AySrg

€1-TI ‘ovd T1-1I

‘6ed T1-T1 011 p-1I
{-ANI) QUDOIAD [yoBd JOJ
VNYJW JO [9AJ] Y} SUIULIdIAP
0] Pasn sem SISA[eue ogewl
juanbasqns pue YDOJ-LA

(z-uL)

‘€1-1T1 pue Q1-TI 9-I ‘S-TI
-1 “(I-UL) ¢-T1 pue &-NAI
Jo uons9ep 10} YDd-1d
's1osqns [[99 L +vdD

JO UOIBZIIANOBIRYD puE
UONE[OST 10 AIQWOIAD MO[]

sisA[eue uonezIpLqAy
mIs ut ue 10y (0-N.L
O ¢ P10 T
‘Y111 “o1-TD) s2qo1d YN

ewserd ur

S[OAQ[ QUD0}KD) PAUTULIA)P
VSI'Td "TI-TI Pue J-49L
“A-ANIT “0-ANI ‘0T-II ‘8-1I
O-T1 =11 “¢-T1 “°1-TI 10§
stowid Sursn uoneoyrdwe
MDd Aq pauruuia)ep sem
SOLD pue SHING Ul VNIW
QU 03Ad Jo uorssaxdxyg

(z-un)

€1-11 pue O[-TI ‘9-T1 ‘-1
“v=TI “(1-4L) ¢TI Pu® &-NAI
Jo uonoep 10§ (YOd-LY)
uonoeal ureyd aserowijod
-ase)dLIosueI) 9SI9AdY
‘Anowo)ko moy Aq pourwexa
puE SONSSI} paweyur

woiy pAe[ost (QIND)
S[[0 Ied[onuouow [BAISUID)

8dD

pue $ad ‘€dD I0J (SqBN)

SOIPOqIIUE [BUO[OOUOU (M
Po[[oge] 21om sAAooydwA|

L pauo[d ‘sisA[eue SOV

sordwes poojq rexoyduod
pue-+dog ‘9¢£¢89 $SO
Quoq UedW (6g'g ULAUI)
ww 2TV (199 ueaw)
ww ¢ < ddd Yim sIs
wouy (1) sersdorq [eArsurn

(S9)1S Y} JO ONISLISIOBILYD
[BOIUI[O pue JoquInu
payroadsun) sonssny [earsurs
pawrepyur woiy sarsdorg

sarsdoiq [eArSuin

Ayireay Aqrejuoporrad

pue paseasip A[[eyuoporrod
woiy (DNGd) sordures
poorg ‘sordures Ayyeoy

71 pue (Q1D) sojdwes
INSSI} PAseISIP IAY-AJUIM ],

sordures
pooiq pue saisdoiq [eAr3uin

W 2 SO JUSWIYOL}IE pue
ww ¢ Z qdd woyy saisdorg

snnuoporad
JINPE 9I9AJS-0}-9)JBIIPOW
yIm sjuoned Uod)uAdS

(zoqunu payroadsun)
sjuenjed snnuoporad Jnpy

anss1y [eyuoporrad Ayjpesy
1o snIAISuIS Y sjuaned
QAY pue snnuoporrad
QI9A9S-01-3JRIOPOW [JIM
syuaned jnpe uedlIIyJ,

sy00lqns

Ayireay Aqejuoporrad omy
pue paseasip [ejuoporrad
padueApE 0] d)eIPOW
s syuaned uedyry

snnuoporad
Jnpe YPim sjuaned KAuamJ,

(er10)1Id
6861 dVV) snnuopotiad
oruoIyd M syuened Inog

(L661) Te 10 Tyezewe X

(L66T) T8 19 ojoUIeweR X

(L661) Te 10 010)0],

(9661) 'Te 19 nyqeid

(9661) Te 10 yseyilng

(S661) b 10 IeRUISSE A\

synsoy

anbruyoa,

ordureg

SISOUSeIP [BIUOPOLID]

Q0UAIRJY

(T-YL "sA T-YL) $195qns [199 I Jo sd[yoid sumjoikD "¢ apqp



99

Adaptive host response in periodontitis

PeY Soul[ SHIAISUIS 10 AY)[BIY USAS ) JO QAL UT S[[D D Y} 1By} PIMOYSs
so[goid [enprATpur oy ‘10AdMOH ‘sdnox3 om) 9y usamiaq S[[ed J, eanisod
-01-T1 10 -4-NAI -1 JO 25eiuaorad ueal ay) Ul SIOUSISJJIP OU IdM Y[,

u1o)jed JUIISISUOD OU pajensuowap Gedy[-un[nafIaiuy
‘uone[NWINS SyParsurs ‘g Suimor[oj peenSor-umop a1m ()[-T[ pue 4TI
searoym pajendar-dn sem ¢-uninopraiur pue (-NAJ 10§ VN JoSuassapy

‘syuaned Jv woiy
DINAd Sursn JSD-AD pue G-I JO [oA9] 1oyS1y A3ueoyruSIs e pIAIasqo sem
J1 ‘puBy I9YI0 Y} UQ '$AIAo0UOW UO UOIssAIdXd 90BJINS Y-V TH PIsea1odp
Se [[oM Se ‘S[[90 sy} ur uorssaldxe YN YW g-I[ pue {-NAJ PoseaI1dop yim
PAIJBIDOSSE SEM UOII09s A-NJ] Ponpay ‘uone[nuns d1uagoliu o) asuodsar
ur {-NT JO S[QAQ] pasea1oop Apueoyrusis passardxo sjuoned JOF ur DINAd

O1-TI pue 9-T1 ‘d-JNI Jo uorssaidxa pooS e pajensuowrap

S[[99 L+$dD I0AdMOH "uoIssaIdxa sounjol£o g-yJ, 10 [-YJ, © PINOAER]
sjuanjed Jo dnoiS IoU)IoN "PAISA0DAI 1M S[[2D I, Y} 10J JOH 1Y) pue Jv
9011} pue S[[90 Jea[onuouow Joj sa[dwes JOH XIS pue Jy Inoj ‘uorssardxa
VNYJW 10J pasAeue aq 0} [[ews 00} a1om sofdures anssiy, ‘9-T[ pue

-1 "1 ‘SI0JBIPAW Z-Y, oY} 19A0 pajeuriop A[oaneinuenb s[oAd] JojeIpawt
AToreururegur ‘A-NAJ pue g-1 "9°T ‘[-YL pue ggOd pue ¢ -1 2T ‘Alko0ouowt
) sdnoi3 JOH pue dV Yioq ur jey) pajesipur A[1ea[d sisA[eue JDO) ayJ,

sonssn O/H
Ul uey} suolsa] Jy ur 1ysiy yjoq a1om s[[2o-g+¢[-I pue safeydoroew+ ¢

-1 Jo oSejuadrad ayJ, "senssy H/H Ul ueyl Jy Ul 1oySiy sem S[[o0
8AD+0£AD PUE D +0£AD d8eIuddrad ayy, *sonssi H/H yum paredurod
PISBAIIGP SeM SUOISI] JV WOIJ PAJOBNXI S[[30 8D +([-TI Juedrad

QUL "SUOISA] D/H 10 JV WOIJ PIjoenxa S[[0 $AD+01-1I 10 S[[22 8D
pue D+ A-INI 10+$-T[ 1ue012d oY) USMIQq SIOUIISJJIP JUBOYIUSIS ON

19 L +8dD Pue ++dD
Jo a3ejudorad ay) QuUIWLIAIOP

0) SISA[euE JLIOWO0IAd MO[]

¥Od-1Y¥ 4q parenfeas

sem uoIssa1dxo YN YW
(€1-11 ‘ovder-T1 ‘sedzi-T1
‘0TI “A-ANT ‘p~"TI) SUDI0ILD
‘so[dwes poojq pue anberd ur
SHPAISUIS " 19919P 01 VST
pue saIpoqnue [RUO[OOUOIA

~40d Aq pauruiaiop sOINGJ Ul

uoIssaIdxa YN YW ounjol)
“(-NAT pue SD-IND

‘G-I “€-"1I JO S[QA9] 2Inseaw
0} VSI'TH "se1koouour

uo uorssaxdxa Yq-VIH pue
(LSad ¥1ad ‘8AD vAD
‘cdD) s1esqns AooydwA]
QUIULISJOP O} AOUISAI
-ongounwiwy ‘poje[nuwns
pue paje[ost DN

PAUTWLINAP dIoM AQ-EOH
‘€1 01-T1 “¢1-T1 “-ANL
YT-T0°9-IL ‘S~ “b~TI
T “4-ANID) seunjolko

Jo uorssaxdxa ay) “YDd-LY
Aq pue sorsdoiq [eAr3ui3
WOIJ PIIROST IoM $1dsqns
1199 L pue DD "PooIq
[exoyduad ur sojkoouowr woij
»-ANL pue §1-11 ‘24Dd

JO UONEBIIUIIUOD PAJBN[BAD
VSI'Td "uoneurtuiioep

DD U 01Ld 10} VST

sogeydoroew pue

s[[9o g Suronpoid-g -1
pue -Q[-11 “-§ [-I Jo
sagejuoorad ay) pue s[[eo-,
aansod-0e@D pue “-O[-TI
-1 “~d-NAT ueoxad

QY SUTULISJOP 0} IdzZATeue
SOV & uo Anowoko

MOJJ INO[OJ-[enp pue
AnSTuayooISIyounuIwy

sodures poojq [eroyduog

109[qns yoea
woij odures onberd pue
sodures poojq rexoydueg

soduwres poojq rexoydueg

juenjed yoes woiy sarsdoiq
[eAISUIS pue (4OD) pmy
IB[NOIAQID [eAISuIs ‘Sunmno
pue UONR[OSI SIIAd0UOW

10} poojq Teroydiag

s109fqns D/H ([ pue v+
s1pa1su1s spuowtolydiog
ouru woiy sojduwes

pooiq [eseydied 71-11 PN
pue [[3 ¢ 10§ D/H I pue
dVv 91 ‘GIN pue s[[2d g
£q o1-11 pue g1-1 10§
D/H ¥1 pue dv 81 ‘0£dd
pue souryolko [[0o-], 10
s100[qns D/H woij ¢] pue
dv S ‘sersdoiq [earsurn

UQAQS pue snruoporrad
Jnpe Y s3oalqns uag,

S[enpIArpur

SIAISUIS 10 Ayjeay
QA pue snnuoporad
Jnpe YIm s309(qns moq

's309[gns [onuod ()7 pue
dOd Wi swened 4]
‘(dVv) snnuopouad jnpe
s sjuened UdAI[g

(dL) uonnuap [euruLid)
© Surssassod Jo siseq oy}
uo pajod[es arom syuaned

IV "(dod) snnuopotad

JoSU0-A[Ied PIzZI[eIoual

Y syuened Jysio pue
(dV) snnuoporad 219A9s
jnpe yia sjuaned y3rg

(O/H)

dnoi3 snia13uid/Ayyresy
SuruIoy S[enpIAIpul [¢ pue
(dv) snnuopotiad jnpe
i s309[qns auo-Ary,

(6661) 'Te 12 [[owwen

(6661) 'Te 19 pwifeyeN

(8661) ‘T& 10 yosn3ig

(8661) [e 10 1AJeS

(8661)
INOWAQS 29 [[oWWAN)



Berglundh & Donati

100

poredwod uaym 8- JO S[OAS] JOYSIY pue G-I JO S[OAJ] JOMO] PIJAIIAS
sjuoned wol DDA ‘@IouIoylIn, ‘JOMO[ pojom) dom sjuoned woy
2D4dM Ut 0LdZ1-TI JO S[AQ] Y} ‘ISeIUO0d U "S[ONU0d woIj uey) syuaned
snnuopowrad wo1y DD oYl ul 1oySIy p[ojom) 21om gADJ JO S[OAJ] Y],

Te[ruts sem (9-TI++-10) ¢-1ed[ey [ 10 (T-T1+4

-NAD T-Ied[ey I, 10yi1e 10y sorgoid ouryolko Surssardxa s[[eo jo oquinu
9y} ‘UONIPPE U] "PAUIIEXD SINIRW QUI0IAD JUAIIJIP A J0J aanIsod
S[[99 jo suornuiodoid re[ruiis paurejuod synuoporad padsueApe Ul SUOIS] Y,

T pue L-ANT =TI °9-"T1 £q pamor[og

sem SIYT, "OT-TT[ Sem anssT} Y} UT dUD0IAD passardxa A[opim jsowr oy,
'sanss1) Jy pue JOF Ul SNOIWNU 2J0W 1M S[[9 Z-U.L, “¢-NAT 10 g-T[ Ty
Surssardxa S[[e0 UBY) SNOIWNU IOW 9I9M Q- 1O -] pessaxdxa jey) s[[e)

s9)1s aa1ssarSoxd 0) pue a[qeis 0) AYI[eAY WOIJ ASLAIOUT UB PAIMOYS -]
's911s 2AIssa1301d pue 9[qeis ur ueyy SIS AY[eay ul o5uons passardxo sem
-1 "SUOIS9[ J[qe)s oY) WOIJ IJJIP 10U PIP SIS AYIeAY Y3 [IYM ‘SUOTSI|
aarssar3oxd ur 3soy31y sem (-N[ JO uorssaidxa ‘[eIoua3 uf ‘s)s [enpIAIpUl
uoamlaq osfe Jnq syuaned ueamiaq ATUO JOU UOTJBLIBA PI[BIARI S)NSIY

-1 pue ‘G-T[ ‘d-NAI possardxa

saykooydwiA]-1, TearSuis +8qD pue +yD ylog -uorssardxo a3essouwr

9-TI pue G- pare[ndar dn ApueoyrtuSis S[[90 Y ‘Y U0 YIIM UOTIR[NWINS
1913y uone[nums 03 Joud 9-1 10 ‘U-NAT ‘Z-TI 10 VNYW passardxa
sa1K00ydwA]-, [eA1SuIs v -s109fqns Ayjeay woij asoy) ueyd YN YW 4-NAT
pue z-T1 passaidxo syuoned gy woiy suontodoid HAD Ioy3y Apueoyrusig

S[192 $@D 2Aanisod-Q -1 1o/pue aanIsod-4-Tr

Jo sagejuaorad 10ySry Jo [enba 1oyITe pajensuOwp soul| snnuoporrad jnpe
01 Y3 JO AL “S[[99 $ (D 2AnIsod-4-[ Jo/pue -1-[ Jo deiuaoiad 1ySiy
Surjensuowop souI] 0m) PIM ‘S[[ed danIsod- (-NJT Jo uontodoid 1oy3iy e

-1 ‘0111 ‘811 ‘911 “J1-1I
“‘THDJ JO 9sealaI Ay pue

1102 DIYOMIYIST WOL Sd']
M paje[nuns a1om (DDIM)
S2IN)[ND [[30 POO[q IA[OYM

{-NAT pue 971

“PT1 “T-TL @' ‘seunjolkd
JUSIQJJIP pue IdMIeW
#aD 2y yroq 1oy danisod
S[[99 309)3p 0} paurrojrad
sem Sururels 9[qnoq
*AnsTwrayo0)sTyountuwy

uonodIep YN YW J10j
uoneZIPLIGAY NIIS U “SUOISI|
sunuoporad woIj SUordas
ut {-NAT pue 0-ANL ‘ST-T1
pue Q-1 ‘9T ‘v-11 ‘¢TI
Surssaxdxa s[[ed 10910p

0} Ansruaydo}sIyounuIuy

©-ANL pue

‘9~ “S=T1 ‘#-T1 “T- 11 “J1-T1
‘NI papnpour ¥Dd-14
aanenuenb e 3ursn sisA[euy
SYNYJYW AUNY0IAD JO S[OAJ]
10} pasATeue sarsdorq oy,

MDd- LY oyroads-aunjolAo
Sutsn £q DIND Aq d-NAT
pue 9-1[ ‘G-I ‘T-1I 103
VNYW Jo uorssaidxa ay,

01-711 pue
{-ANT “p~T1 onewse[doio
10y aantsod Sururers saurg

61 pue (querpenb 1od y1oa)
dI0W JO 0M) UO 1001 JY) JO
SuQ] 810} oY) JO ¢/] < SSO[
Juoq) snunuopotrad pajeanun

sordures pooyq [exoydued oruoIyd Yim syuoened uedouIN

soyis rewrxold oy Jo 9508 I8

+dog pue w9 < ww9< gdd pPue yiadl ay) [[e
ddd pim a1s [ewnrxold JB 950G <SSO 2u0q SuNIqIYXd

-ISJUT PISBASIP POIOA[IS

‘snynuopotrad oruoxyd

ATwopuer woi yuoned pazi[eIouds pue PadUBAPE YIIM

yoeo woliy Asdoiq [earduin

syuanyed

snnuoporrad Jnpe ay)

woij sarsdoiq (sa)1s Ayifeay)
[0TU0d U], ()] 0) 9 WoIj
poSuer (dd yis dOd woly
pue ‘wul g 0} 9 woij paguer
ddd Wim dv woiy sarsdorg

(STEATIUT JUSIIJIP

Je ww g € (qdd paseaIour)
w03 ¢ woli ddd
QA1ssa1301d ‘(JuowroInseaw
JUQIOHJIP OM] Je 93ueyd Ou)
wur /, 0) ¢ woly qdd 2[qers
‘(ww § 03 ¢ woly qdd SoNs
Ayyreay :sarsdorq [eAISuInD)

S[O1IUO0D WOlJ

sarsdoiq onssi], ‘sisA[eue
so)kooydwA] [, 10J T pue
sisA[eue pue uone[ost JIND
A} J0J G Pasn a1om
snnuopotrad jnpe wouy
(Lg) sarsdorq [earsurn

syjuoned jnpe omi-KjuomJ,

(dv) snnuopotiod
Jnpe yim syuaned o]
pue JOF Yy sjuoned uog,

SIS Ayeay

PIM (€) pue SUOIS| [eIUOP
-ourad 91qess Inq ‘oruoIyd

(7) ‘snnuoponrdd aarssarord
Q19A3S () YIM PIJIJJJe SAIS
Sunuoasaid yoes ‘snnuoporrad
£1010B1J21, PIZI[LOO] QISAS
se pasougerp sjuoned xI§

W ¢ >

dd Pue sso[ duoq ou yim
S[01Nu0d YSIo pue (W ¢ <
ddd pue sso[ auoq)
snnuopotrad Jnpe oruoIyd
i syuaned aaryl-A)1y

S[enplArput
snIAISuIs 1o Ayjeay

(2000 ' 10 rWwaxjo]

(q°eT00T) ‘T8 10 ypunsiog

(1002) 'Te 3o urddey

(1002) Te 12 [o3o1g

(0007) ‘T 19 WoIYR],

Ssynsoy

anbruyoa,

odueg

SISOUSeIp [BIUOPOLID]

Q0UAIRJY

(‘proD) "¢aqv



with WBCC from controls. No differences were observed with respect to

IL-6, IL-10, IL-12p40 and TNF-a production

12p40, IL-12p70 and TNF-o

periodontally healthy control

subjects

was measured by ELISA and
by ACE (competitive enzyme
immunoassay) for PGE,

concentrations

The concentrations of IL-1f, TNF-¢, IL-2, and IFN-y were, on average,

Twenty-five patients with Gingival tissue biopsies The concentrations of

Gorska et al. (2003)

significantly higher in serum samples and gingival tissue biopsies from

cytokines (IL-1f, TNF-o,
IL-2, IFN-y, IL-4, IL-10)

were determined by an

were collected from sites
with PPD > 6 mm and

severe chronic periodontitis,
who had sites with probing

depths (PPD) >5mm at

periodontitis patients than in healthy controls. The frequency of I1L-4 (88%
positive samples) and IL-10 (72%) was higher in healthy gingival tissues.

Bop+of each patient and
from healthy individuals

Blood samples were

High concentrations of TNF-o, IFN-y and IL-2 and high ratios of IL-1p/IL-
10 and TNF-o/IL-4 found in tissue biopsies from periodontitis patients,

strongly correlated with the severity of periodontitis

enzyme-linked immuno-
sorbent assay (ELISA)

least at four sites and 25

periodontally healthy (PPD

<3 mm) subjects

obtained on the day of

tissue biopsy

The % of CD3+ in relation to the total amount of mononuclear cells was

Immunohistochemistry for
detection of CD3+, CD4+

Ten gingival samples of
and CD8+ cells. The

Ten patients with aggressive
periodontitis (AgP) and 10

periodontally healthy

Suarez et al. (2004)

lower in patients with AgP. The CD4+/CD8+ ratio was reduced in patients

HI/G1 individuals and 10

with AgP when compared to healthy. The cytokine mRNA analysis showed
constant expression of IL-2 and IFN-y in all cases. The mRNA of IL-5 and
IL-10 was present in the majority of HI/G1 but was not in the AgP group.

IL-13 and TGF-f; were only detected in HI/G1 and IL-4 was not detected in

any of the individuals

gingival samples of AgP
patients from site with

presence of IL-2, IFN-y,
IL-4, IL-5, IL-10, IL- 13

individuals with gingival
index of 1 (H/G1)

Bop+and PPD >6 mm

and TGF-f§ was measured

by RT-PCR of mRNA

extracted from complete

gingival biopsies
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entitled ‘‘Autoimmunity and perio-
dontal disease’’ reported on the pre-
sence of antibody producing plasma
cells in periodontitis lesions. In later
reports the presence of auto-antibodies,
auto-reactive B cells and other autoim-
mune components in periodontitis were
described. Publications related to the
field are presented in Table 4. The
specific search terms added were ‘‘auto-
immunity, auto-antibody, auto-reactive,
anti-collagen B-Icells, CDS5, IgG, IgM
and plasma cells’’.

Anti-collagen antibodies and cells

A common target for analysis of auto-
antigens was collagen type 1. Ftis et al.
(1986) collected peripheral blood from
97 periodontitis patients and 57 con-
trols. The level of antibodies to collagen
type I was significantly higher in the
periodontitis patients than in the con-
trols. In contrast to this observation,
Hirsch et al. (1988) in a study on 39
periodontitis patients reported that anti-
collagen producing cells were rarely
detected in peripheral blood and levels
of anti-collagen antibodies in serum
were low. Hirsch et al. (1988) also
isolated gingival cells and found that
cells forming specific antibodies to type
I collagen were numerous in relation to
the total number of antibody-producing
cells. Corroborating data were presented
by Jonsson et al. (1991), who detected
anti-collagen type I-antibody secreting
cells in gingival tissues obtained from
15 patients with CP, and by Anusak-
sathien et al. (1992) and Rajapakse &
Dolby (2004) who found that the level
of antibodies to collagen type I was
higher in gingival tissues than in per-
ipheral blood. Anusaksathien et al.
(1992) further reported that both IgG
and IgA were found in higher concen-
trations in gingival tissue extracts than
autologous serum, while no differences
were found regarding IgM levels. The
authors suggested that anti-collagen
antibodies in gingival tissues undergo
class-switch from IgM to IgG.

GCF was also collected from perio-
dontitis sites for the detection of anti-
bodies to collagen type I. Sugawara et
al. (1992) compared anti-collagen IgG
levels in GCF and in serum in 20 perio-
dontitis patients. It was reported that the
IgG levels in GCF were slightly higher
than that in autologous sera and signifi-
cantly higher compared with levels in
sera collected from healthy control sub-
jects. Other components of the immune



Berglundh & Donati

102

PaureIqo AI9M SAUOTD + 8D 2ANdeAI-[-odA1-uage[joo oN odAjouayd-g
1adyey I, ayp Surjquiasar sadAjouayd pey sauoro asay) Jo 9,08 “suaned
[[e woIy paure}qo aram | 2dA) uage[[od Yjm JATORAI SAUOD [[99-T+ D

syuoned [onuoo pue sy Ayifeey uey) AjAanoeal

1018215 PaMOYs SIS PaseasIp wory DI [ewosowsap-nue ‘pareduwrod

sem sunuopotiad [Im S[ENPIAIPUL UIPIM DD USYA (%0]) S[ONU0D

0} paredwod uayM ‘surd[Sowsap YIm 9,08 pue suryeidowsep yim H3I|

JO SUOIOBAI PaseaIdul pamoys snnuoporiad Yim $10a[qns Jo 906 WOIj IS

S[[P0 g — D uey) uagde[[od 03 sarpoquiue D3] pue AT 210U A[qRISPISU0D
paonpoid S[[90 g+ G "elos snoJojoine ur ueyy 1oy3ry ApySI[s pue ‘sjoalgns
Ayireay woiy v1ads ur jey) ueyy 1oySiy sem syuaned jo JHO) UT S[9A] Apoqujue

03] uade[[oo-nuy ‘sjonuod pue sjuened oyl yjoq ur pooiq eroyduad
ur uey) ear3urs ur Joy3ry A[[eonsnels sem s[[0 g+ gD Jo a3ejudoxad oy,

‘sa1poquue JAS] J0J PUnoj 2IoMm SIOUAIAYJIP JULOYIuSIs
ON "SQOUQIOJJIP UONN[Ip I0J Ipewl sem judunsnipe usym wnies snogojoine
ul uey) $J9BNX 9NSSI) UI UONBNUIU0d 1oyS1y ut Juasaid arom 3] pue HI|

sjuoned snnuopotad ur pasearour

Apueoyrusdts a1om S[[0d 039910 JIN+9SAD PUB S[[99 g+ SAD ‘S[[0 L

. Lowow,, pajeanoe +D ‘sjuoned snnuoporrdd ur pasearour dIom S[d
SIN+9T1AD PUB ‘S[[92 -+07AD ‘S99 L+SAD Pue +$JD Jo Aduanbaxy oy,

Surpuy juenbarjur ue sem D3] oMY ‘pajeurwopaid

adKjost NST pue y3] ‘dnoi3 juowiean oy uy ~adAjost NS] pue H3I]

JO U)o Jsow 21am sarpoqnue uaSe[joo-nue ay) dnoid sy yy Uy "s3oa(qns
JudWIRan AY) UT 9%()'] F '] PUB PAJBANUN UT S[[2D JEI[ONUOUOW PATIA0II
AU JO %61 F 6’1 Sem S[[90 Sunerdas urngojSounwwt jo Aouanbaiy ayJ,

syuoned

dV JO poo[q Ul MO[ SIIpoqIIue UIFR[[0J-TJUE JO S[OAJ] PUE AIBI JIOM S[[D
Suronpoid-Apoqnue ud3e[[0d-NUY "PIJIIIP OS[B AIoM S[[90 FUNAIIIS-NT]
pue -y3] 1nq ‘sse[o H3] 2y} Jo sarpoquue dyroads peonpoid s[[ao yons jo
Kyofew oy, T @dAL “YU9IXa 19SS € 0) ‘pue uade[[od [ adA], 01 sarpoqnue
921035 Jey) S[[20 Jo s1equinu y3ry Jo ouasaid ay) pafeasa: sarsdorg

s109[qns Jonuod ur uey (100°0>d)
10y31y o1om sjuaned ur pajosjop ueSe[[oo [ 2dA) 01 Apoquiue JO S[9A]

8D PUE D ‘€dD 10F (SqeIA)

SAIpOqNUE [BUO[OOUOW [IIM
PaI[eqe] 21am sjkooydwA] J,
pauoo ‘sisA[eue SOV

ADD pue WNIds ul sAIpoq
-nue 03 surejoxdook[3 pue
surojold [ewosowsap Jo
SUOT)OBAI [BAAI 0) anbruyod)
JO[QOUNWIW] UIOISOA
‘surajold [ewosowsap Jo
uone[os! 10j sisaroydonodo
193 oprwref1oeA[od SOS

BISS pue JDO ur Apoquue
Ud3e[[09-NUE JO UONIIP
10§ VSI'TA ‘sisA[eue
[BOTWIAYO0ISTYOUNTUIUT
‘SISATeue JLOWO0IAd MO[]

(wnies pue anssn
ur oner unwnqre/31) VSITA

SaIpOquIUE [RUOTD
-ouow pue A1joW0ILd MO[]

Kesse

LOdSI'TA ue jo sueawr £q
pasATeue sem 1 od£) uagejoo
0} SaIpoquIuE JO UONINPOI

159} (LOdSITH)
jodsounwiuir payUI[-oWAZUF

(VSI'Td) Aesse juaqios
-OUNWWI PaYUI[-dWAZug

wuw < JSO[ JUSWYOL)JE pue
ww ¢ € 44 woiy sarsdorg

'sojdwres JDO pue sojdwes poorg

sorduwes

Poo[q QT :s109[qns Ayiesy WwoI
'sardures pooyq g pue sarsdoiq (g
‘sarpoqnue uage[[oo-nue Ioj

ADD 01 :syuened snnuoporred wor]

sojdwes poojq pue
(ww Q[—¢ ddd) soisdorg

s109[qns [onuod pue
159) woiy so[dwes poojq SNOUdA

s109[qns jusunean) ay) 10§

(dYgS 10ye) own

-K1931ns je pue sjuened pojesnun
10§ UOTOBNXS Yj00} 1k sarsdorg

sordwres pooiq
[exoyduad pue sarsdoiq ouru-AunyJ,

sordwres poorg

(erroyd

6861 dV'V) snnuopotiad
o1uoIyd Yim syuaned Inog

s109[qns [onuod Q|

((ww [ LD ‘W L qdd
puE SSO[ 9UOQ JO IOUIPIAD)
sy00lqns snnuopornad uay,

S[onuod
Ayreay Aqrejuoporrad (o] pue
syuoned snnuopouad AjuomJ,

0'9-8'1
XapU[ [BIUOPOLId] [[aSSNY)
juened synuoporrad uedyyry

s100[qns jonuod

Ayreay Aqrejuoporrad
U99IXIS "ddd WwWQ[—¢
puE SSO[ 9U0q % ET—¢ Ym
(81) swuaned snnuopoLag

snnuoporrad
J[Npe OIUOIYD JO JudWedn
10} ponpayos syuaned

(S661)
.ﬂm 19 JeRUISSB A\

(€661)
S10qzZI0H 29 9ZA0D)

(z661)
‘[e 10 eIemedng

(z661)
‘Te 19 udryesyesnuy

(T661) Te 10 1)y

91 pue , pajeanun,, USYLI (1661) ¢ 19 UOSSUO[

(dV) swened
snnuopoLad jnpe auru-AryJ,

(1>1d) s9lqns [onuod /¢ pue

(0'L—0'T Xopu] [eIuOpoLIdd
[1ossny) aseasip [ejuoporrad
i Juaned uaAas-KJQUIN

(8861) 'T& 12 yosiy

(9861) 'Te 19 s

SISy

anbruyoa,

ordweg

sisouSerp [ejuoporad

AAURIRJY

synuoporiad ur syuouodwod dUNWWI-0INY “# 2]qD.]



103

Adaptive host response in periodontitis

spidijoydsoyd

)M 9AT)ORDI SAIPOQTIUBOINE JO S[OAD] PAJBA[Q ARy snnuoporrad
paziferouas yim sjuenjed Jey) SJeOIpUL BIep Y JO SIsA[euy ‘sjuoned
(d3v1) snnuoporrad oA1ssaI33e pazI[edo] pue (JN) S[0NU0d Ayl[edy

ur jey) uey) 19ears sem TD-1ue 1o0J aanisod (JSy D) snnuoporiad daIssaI33e
paziferauad pue (dD) snnuopotrad oruoryd yim syuenjed jo sousreaard ayJ,

'saInyedy
QAT}OBAIOINE PIJLIISUOWAP 9 ()¢ INOQE YITYM JO JNO S[[20 g JO Ioquunu
[enuesqns e paurejuod syuaned gy ur uorso[ snnuopordd Y], "sIoxIew yons
PaNqIYxa s309lqns Ayiyeay Yy ur S[[e0 g SUne[NOID Y JO 9G] UBY) SSI[
A[IYM $INJBOJ SAIIOLAIOINE JOJ SIoyIew passaidxa spenpratrpur 9jqndoosns
snmuopotrad oy Jo poolq [ereydirad oy ur S[[E0 g 9yl JO %(0S—0f INOqQY

s3100[qns aAnIsod-winios ur pajeroosse Aoanisod

QIoM S[OA] QY VD pue 34 01 HI[ wniog 's109[qns oAnESoU-wNISS 10
[ennau 219M Inq s309[qns aanIsod-winias 10J (0'Q > d) pare[ar10d Aoanisod
A1oM (Idd PUE S[9A9] QY (VD 's109fqns aanisodoios 103 ueyy sjoafqns
aAnESoUOINsS-qy VO 10J 10119q Apuedyruss sem (dd JO 2Sea1oop Y],

Kyanisod 3uons pojensuowap 9say) Jo

om) pue ()9dsy uewny o3 asuodsar aanisod e pajensuowap syuaned 1 jo o
UQADS ‘$10BIIXQ onssh) [BAISUIS oy uj "s309[qns [01uod Jo asoy) uey) syuened
ul S[OAQ] Joy31y JuedyIUSIS pajensuowap (09dsy-nue) sarpoqnue WIS

Jo sisTeue aAaneInuEn() ‘syoalqns Ayyesy oy ur ueyy sjuoned snpuoporrad
ay) ur punoj sem Ayanisodoras Jo Aousnboiy 1oySiy e ‘g9dsy uewny 10

(3s9) axenbs 1Yo ‘6000 >d)

punoj sem sjuaned gIS ur snnuopotiad pue YONV U99MI9q UONBIOOSSE
jueoyrusIs A[eonsnels y -aseasip ejuoporrdd Junuosard srenprarpur

ur AJ3sowr punoj orom gIS Ul e1es oAnisod-yONV Jo Iequinu ysiy y

s100lqns Ayyeey oy woij
pooiq [exoydurad ur uey) sonssn [eAISUIS poweyUI Y] Ul JoY31Y Apuedyrugs
1om ()[-T pue 9~ JO Junowe 9y} pue S[[ed e[-g jo uontodoid ayJ,

VSI'Hd

A1OWOIAD MO[ ‘(SIovIewr

[199 +61dD PUe +5aD)
ATSTUIAYO0ISIYOUnUIW|

vy pue
(J9) snyifsio} soproiajoeg
‘(8d) s1eAISUIS g 01 HI]
pue qy qQvO A[eanoadsax

10919p 01 VSI'TH pue
uonejdroard puesrjoipey

THOID) $1pA1SUIS “J-T)ue
pue gdsy uewny-nue
10J YSI'TH Pue 10BNXxd

onssn [eAISUIS pue BIos

JO SIsATeue J0[q UIISIAN

SQWAZUQ Ie[nueIs AY) pue
joenxe Jenueld ydonnoN
© 0] PAJOAIP SAIPOqNIUE JO
Qouasaid ay) JoJ eIos 3unsa)
Kesse ySTTH 10911pu]

+¢8ddD
+02dD Pue +02dD
Sununos 10} Anowoko

Mop Inojod-omJ, "(O1-11
pue 9-7[) SOUIOIAD pue 3]
Jo uoneoynuenb 10) VST TH

(I-dD z¢-nue) 1-urajo1dook[3
-g-¢-nue DT pue (T)-Nue)

urdijorpres-nue N3] pue D3] jo
uoneuIuLIAAp oy sojdures poorg

s100[qns
sunuoporiad d1uoIyd ur saNs

paseasip woij sarsdorg ‘sor103o)ed

Qory [re wioj sojduwres poorg

S[9A9] QY

avo Apoqnueoine 9se[Ax0qIeddp

pIoE JIwe)n|S wWnios AJen[eAd

01 JYS Jeye syjuow ¢ pue 210joq
(eyep [eorurpo pue) sajdues poorg

(T9019) urayoxd Yooys

18y syparduid spuowtoilydiog

0} pue (09dsy) 09 urejoxd

SO0YS 183y 0} SAIPOqIIUE JLN[BAd
0} (snnuoporied woiy (1) serdwes

anss1 [eAISUIS pue (s309[qns

[onuod pue 3s93) sapdwes poorg

soLI0391ed AY) [[e JO

juenjed yoes woiy sojdwes poorg

syjuoned Jv Jo
SO)IS AUYI[BAY pUB PISLISIP

G WOIJ PAIMNIOAI dIdm (DIND)
S[[99 IB3[ONUOUOW [BAISULD) "S[ONUOD

01 pue sojdwes poojq resoydued
dV 6¢ Wolj pauteiqo alom HINEGd

(dD) s199fgns snnuoporrad
omoIy) 61 pue (L8)
syuaned (g3en) snnuoporred
QAISSAI3Ze POZI[eIdUdD)

‘(ze) swened (48e7)
SIIIIUOPOLIo] QAISSAI3Te
Pazi[eooT ((g91) s109[qns
(dND Apreay Ajrejuopotiog

"(97) swalqns

Ayreay Aqrejuoporrad

pue (1) sunuoporrad
QAISSAI33e PazIeoo]

‘(1) snnuoporrad sruoIydo
PIZI[BISUAT PUB PAJUBAPY

199} Judoelpe-uou aouwt

1O INOJ U0 Wl ('S € TV
‘soys g < 18 +dog
:suonIpuod [ejuoporrad Jur
-MO[[0J 3y} pue NAdI Pim
pasougerp sjoafqns uaayIrg

S[OTUOD SB S[ENpPIAIPUT
Ayireay Aqrejuoporrad g1 pue
(¢7) swuaned snnuoporrad
PIOUBADPE 0) 2)RIIPOJA]

(07) sjonuod

® se (OLRd 10 V¥ ‘IS ou)
sy00lqns Ayyesy *( — ourad
pue +ouad) syuenyed

V¥ 0¢ pue (-oued pue +
ourad) syoelgns g1 Ay,

S[O1}UOD SB SIOUOP
poo[q Ayyreay Aqrejuop

-ouad (] pue (y10o) suo

Uey) 2I0W JB SSO[ dUOQ 2IIAIS
-0)-9JeIopow YIm) syudned
snnuopotad jnpe Inoj-Aunyy,

(€002)
‘Te 39 uIayuaydS

(9°82002)
‘[e 32 ypunj3iog

(1002) 'Te 30 swig

(0002) T 10 ®1Rqe],

(6661) ‘Te 12 0AON

(8661)
‘Te 19 Dewely



104

Table 4. (Contd.)

Results

Sample Technique

Periodontal diagnosis

Reference

Berglundh & Donati

Level of antibodies to collagen type 1 in tissue was significantly higher than
in serum (p

ELISA for detection of

Biopsies (15) at diseased sites

Rajapakse & Dolby Thirteen periodontitis

0.0001). Antibody levels in tissue to P. gingivalis were

(PPD>=6mm) and blood samples antibody to collagen and

to evaluate autoantibodies to

patients and age- and

(2004)

0.0271). Ab levels to both A.

A. actinomycetemcomitans, significantly higher than in serum (p =

sex-matched periodontally
healthy subjects as controls

actinomycetemcomitans and B. fragilis in tissues and serum were not

P. gingivalis and B. fragilis
significantly different from each other

in tissue elutes and serum.

collagen Type I, and antibodies

to P. gingivalis, Actinobacillus

actinomycetemcomitans

and Bacteroides fragilis

The mean level of anti-human hsp60 antibody remained unchanged

Antibody levels were

Blood samples to evaluate levels

Twenty-one patients with
moderate to advanced
chronic periodontitis

Yamazaki et al.

although individual levels of antibody either increased or decreased after

determined using an enzyme-

ELISA.

of antibody to human hsp60 before
and after periodontal treatment

(2004)

periodontal treatment, suggesting that synthesis of these antibodies might be

regulated independently during the course of periodontal infection

systems than antibodies have also been
associated with anti-collagen character-
istics. Wassenaar et al. (1995) analysed
T cells isolated from periodontitis lesions.
While Th (CD4+) cells were found to be
reactive with collagen type I, no T cyto-
toxic (CD8+) cell clones were found to
have anti-collagen characteristics. In
addition, about 80% of the CD4+ cell
clones exhibited the Th 2-phenotype.

Auto-antibodies to cellular components

Although anti-collagen reactions domi-
nate in studies on autoimmunity and
periodontitis, additional targets for ana-
lysis were used. Govze & Herzberg
(1993) analysed auto-antibodies to des-
mosomal proteins in GCF and periph-
eral blood from 10 periodontitis patients
and 10 controls. The sera from the
majority of periodontitis patients show-
ed increased reactions of IgG to desmo-
somal proteins in comparison with sera
from controls. Further, anti-desmosomal
IgG in GCF sampled from diseased sites
demonstrated greater reactivity than that
of healthy sites. Another target for ana-
lysis was anti-neutrophil cytoplasmatic
antibodies (ANCA). Novo et al. (1999)
recruited two groups of subjects with auto-
immune disorders; 30 subjects with sys-
temic lupus erythematosus (SLE) and
another 30 subjects with RA. Both
groups were divided into periodontitis
and non-periodontitis subjects. The
amount of ANCA in the RA group did
not differ between patients with and
without periodontitis, while in the SLE
group significantly greater values of
ANCA were found in periodontitis
patients. The authors suggested that the
general elevated levels of different auto-
antibodies in SLE patients together with
an enhanced B cell activation in perio-
dontitis may explain the observed dif-
ferences between the groups. Another
group of auto-antibodies frequently
found in SLE patients is anti-phospho-
lipids. Schenkein et al. (2003) examined
anti-phospholipid antibodies in blood
samples from 163 healthy subjects and
from 32 patients with localized aggres-
sive periodontitis (LagP), 37 patients
with generalized aggressive periodonti-
tis (GagP) and 129 CP patients. Larger
proportions of subjects positive to anti-
phospholipid antibodies were found in
GagP and CP groups than in LagP and
healthy subjects. It was suggested that
generalized forms of periodontitis are
associated with anti-phospholipid anti-
bodies and that such antibodies may be

involved in the elevated risk for
cardiovascular disorders in periodontitis
subjects.

B-1a cells

A particular group of cells in autoim-
mune reactions are CD5+B cells,
termed B-1a cells (Kantor 1991). This
group of B cells is found in large
numbers in the peripheral blood of
patients with autoimmune diseases, e.g.
RA and Sjogren’s syndrome (Burastero
et al. 1988, Youinou et al. 1988) and
produces IgM auto-antibodies as well as
antibodies to bacterial antigens, such as
LPS. While conventional B (B-2) cells
are developed from bone marrow pre-
cursors, B-1a cells are developed from
peritoneal precursor cells. Further, B-1a
cells may develop into plasma cells and
produce immunoglobulins of other
classes than IgM.

The presence of B-1a cells in perio-
dontitis patients have been demonstrated
in several reports. Afar et al. (1992) col-
lected blood samples from 18 patients
with varying severity of periodontitis
and from 16 healthy control subjects.
Flow cytometry analysis revealed that
B-1a cells occurred in significantly lar-
ger amounts in periodontitis patients
than in controls. Similar results were
reported by Berglundh et al. (2002a, b).
They analysed B-1a cells in peripheral
blood of three different groups of sub-
jects; 22 subjects with severe general-
ized CP, seven children with localized
aggressive periodontitis and 26 healthy
controls. The proportions of B-1a cells
were five to six times greater in the
periodontitis groups than in the controls
and it was stated that up to 40-50% of
all circulating B (CD19+) cells were
positive to the additional marker of
CD5, i.e. the characteristics of B-la
cells. In this context it is interesting to
note that systemic levels of B-la cells
seem to be a marker of susceptibility to
periodontitis rather than an indicator of
the presence of the disease (Berglundh
et al. 1999). Berglundh et al. (1999) in a
study on local and systemic features of
host response in CP before and after
non-surgical periodontal therapy, found
that the elevated numbers of B-1a cells
did not decline after therapy despite the
sufficient clinical signs of healing.

Large amounts of B-la cells were
detected in the periodontitis lesions of
CP patients in the study by Berglundh
et al. (2002a, b). This observation was in
agreement with earlier findings by Suga-



wara et al. (1992) and Aramaki et al.
(1998). They found larger amounts of B-
la cells in the gingival lesions than in
peripheral blood and suggested that B-
la cells are activated in periodontitis
lesions. Aramaki et al. (1998) further
reported that IL-10, which is an auto-
crine growth factor for B-1 cells, was
also found in higher levels in gingival
tissues than in peripheral blood. Increas-
ed levels of IL-10 together with large
proportions of B-la cells was also re-
ported in a study on type 1 diabetics by
Stein et al. (1997). It was suggested
that periodontal pathogens induce a
hyperactive IL-10 response leading to
proliferation of B-1a cells and to auto-
antibody production. The relationship
between autoimmune components in
type 1 diabetics and periodontitis was
also investigated by Sims et al. (2001).
Patients who were sero-negative for
glutamic acid decarboxylase auto-anti-
bodies (GAD Ab) had better outcomes
following non-surgical periodontal ther-
apy than patients that were GAD Ab-
sero-positive.

Hsp60

A recently demonstrated target for auto-
immune reactions in periodontitis is
hsp60. Hsp60 is considered to be highly
immunogenic and has a bacterial homo-
logue, GroEL. Tabeta et al. (2000) in a
study on 23 periodontitis patients and 18
controls reported that there was a higher
frequency of seropositivity to hsp60 in
the periodontitis group than in the control
group. Gingival tissue samples prepared
from 10 of the periodontitis pati-
ents were in 70% of cases also positive
to hsp60. Yamazaki et al. (2004) ana-
lysed antibodies to hsp60 in blood sam-
ples from 21 patients with moderate to
advanced CP before and after perio-
dontal therapy. It was reported that the
hsp60 antibodies remained unchanged
during treatment and the authors sug-
gested that the synthesis of these anti-
bodies is regulated independently during
the course of periodontal infection.

Summary

As in other chronic infectious diseases,
several components related to autoim-
mune reactions also occur in perio-
dontitis lesions and involve specific
cell groups as well as antibodies to
collagen type-1 and other tissue or cell
products. However, the role of auto-
antibodies in the regulation of host

Adaptive host response in periodontitis

response in periodontitis as in other
chronic infectious diseases needs to be
clarified. There is convincing evidence
that auto-reactive B cells, i.e. B-1a cells,
occur in larger proportions in subjects
with chronic and aggressive forms of
periodontitis than in healthy controls.
Results from one study indicate that
the elevated numbers of B-la cells
may illustrate a feature of susceptibility
rather than the presence of disease. A
substantial proportion of B cells in
periodontitis lesions are B-la cells.
The enhanced levels of this cell group
in periodontitis are associated with
increased levels of IL-10, which is con-
sidered to be an autocrine growth factor
for B-1a cells.

Other components, such as hsp60,
may also contribute to activation of
autoimmune reactions in periodontitis
and, in this context, may also represent
a link between periodontal infections
and systemic diseases.
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